The resolution of geostationary satellite image is not high and the image is covered with clouds. At present, when the extracted feature points are unstable, there are some problems, such as low matching accuracy or even matching failure. In this paper, a landmark matching algorithm is proposed to directly establish the multi-level grids for the image coastline and the coastline template. Through the similarity measure of the multi-level grids, the landmark matching is realized layer by layer. First of all, we've finished cloud detection, establishment of landmark data set, and extraction of image coastline. Then we design and implement the landmark matching algorithm based on multi-level grids. Finally, through analysis from different levels of landmarks and different proportion of cloud cover, the advantages and applicable conditions of this algorithm are given. The experimental results show that: 1) with the increase of cloud cover, the correct rate of landmark matching decreases, but the decrease is small. It shows that the matching algorithm in this paper is stable. Correct matching rate could always be stable at about 75 percent in the fourth level. 2) when the proportion of cloud cover is less than 20 percent, the higher the matching level, the higher the matching accuracy. When the cloud cover is more than 20 percent, the matching accuracy in the fourth level is the highest. This algorithm provides a stable method for the landmark matching of geostationary satellite image.
INTRODUCTION
When the geostationary satellite is in orbit, due to the influence of internal system and external environmental factors, the scanning mirror direction of satellite sensor will change slightly, which will cause geometric distortion of satellite image, and then affect the positioning accuracy. Because of the characteristics of geostationary satellite, such as high orbit, low resolution and cloud influence, the method of landmark matching is often used to correct the direction of geostationary satellite. Landmark matching will encounter the selection of landmarks depending on the distribution of the cloud in the whole disk region. The area without cloud or less cloud is selected as the matching area. Finally, in the landmark area the coastline template and the coastline extracted from geostationary satellite image are matched (Ding, Tong, Qin, 2018) .
The essence to the current landmark matching method is to extract accurate feature points, and transform the feature line matching into the feature point matching. Yang Lei studied the method of automatic landmark matching of the FY-2 meteorological satellite image (Yang, Yang, 2009) . After selecting the ground feature points, the landmark template and the image were matched by the maximum correlation coefficient method (Yang, Feng, Guo, 2011) . Ding Lu proposed a landmark matching method for determining the pointing of three-axis stable geostationary orbit remote sensing satellite. Firstly, the rough matching between landmark data set and image coastline features is realized, and the feature points to be matched are screened. The correlation between gradient direction is taken as the main measure, and the difference of Zernike moment and error ellipse is used as auxiliary parameters to realize fine matching, taking into account the matching success rate and computational efficiency (Ding, Tong, Qin, 2018) . In addition to its application in landmark matching, feature line matching is often used to match multi-source remote sensing images with obvious edges and contours (Yu, Lu, Hu, 2013; Wang, Wang, Li, 2011; Li, Zhang, Zhang, 2019) , such as SAR images and optical images (Xiang, Wang, You, 2018; Rui, Wang, Zhang, 2019) , infrared images and optical images (Li, Jiang, Xu, 2015; Hu, Wang, Liu, 2013) . In these processes, feature line matching is transformed into feature point matching (Liu, Huo, Han, 2017; Song, 2014) and intensity-based registration (Liang, Liu, Huang, 2014; Moorthil, Sivakumar, 2018) .
At present, the key of landmark matching method is to extract enough, uniform and accurate feature points from the satellite image. However, the resolution of the image is not high, the texture is complex, and it is covered with clouds, which leads to the difficulty of accurate extraction of feature points, the large amount of computation, the small number of high quality feature points, the fewer feature point pairs that can be used for landmark matching. Eventually, it leads to the low matching accuracy and even the failure of matching when the feature extraction is unstable. Through the analysis, it is found that the overall spatial structure of the feature line is much more stable than the feature point under the condition that the feature line is partially occlusive and the resolution is not high. Therefore, it is possible to achieve stable landmark matching by studying the whole spatial position similarity of the feature line.
In this paper, the multi-level grids are established directly for the whole contour feature of the coastline without extracting the feature points. Through the similarity measure of the multi-level grids, the landmark matching is realized layer by layer, trying to find a robust landmark matching method, which provides a stable method for the landmark matching of the geostationary satellite images.
DATA PREPARATION

Cloud Detection
The geostationary orbit satellite data used in this paper comes from the National Satellite Meteorological Center. It is FY-4A image, level 1 ARGI data, HDF format, 2000 m resolution, and the product name is full disk 2KML1 data. After downloading the data, the HDF data is converted to raw format by a piece of software called FengYunToolkit. This paper only uses NOMChannel01 and NOMChannel03, and then we use C++ language programming to read the raw format data and convert it into bmp format data with a size of 5496×5496 image. The image is unbiased, so it is translated 10 pixels to the right and 5 pixels down. The NOMChannel03 after translation is the data to be matched. According to the histogram of NOMChannel01 as shown in figure 1 .a, we set a threshold to detect cloud as shown in figure 1.b. , and the threshold is greater than 55. We get fusion image of NOMChannel01 and NOMChannel03 as shown in figure 1 .c, where the values of the cloud pixels are 255 and the other pixels are the same as those in the NOMChannel03. Then, combining the coastline template (red), the restricted quad-tree grids are established according to the classified image, and the initial maximum grid level is six. In the experimental part of this paper, the grid level is discussed. The size of pixels in a landmark is 87×87. Because the resulting image needs to be stored in bmp format, the number of pixels in the row and column of the image is required to be a multiple of 4, so the size of an image is 88×88. Finally, taking a grid as a unit, the ratio of white, blue, green and red pixels is counted, and the initial threshold values are set to <0.2, >0.01, >0.1, >0.001. A grid satisfying the above four conditions is a landmark, as shown in figure 2., in which the yellow grid is the landmark area. The right figure shows the landmark superimposed on the coastline template. It is a raster data, with a resolution of 2000 meters and the size of 5496×5496. The coastline template is the reference data. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3/W10, 2020 International Conference on Geomatics in the Big Data Era (ICGBD), 15-17 November 2019, Guilin, Guangxi, China
Coastline detection includes three steps: corrosion of sea-land boundary area, removal of small patches and extraction of image coastline. Firstly, each blue pixel is traversed and corroded by a 3×3 grid. If there is a green pixel in the 3×3 grid, the pixel is retained, otherwise it is assigned to 0. Then, the small patch is removed and the window of 3×3 is used to traverse all the pixels. If the central pixel is different from the surrounding pixel, its pixel value is changed to the value that appears the most frequently in the 3×3 window. Finally, assign the blue pixel to 255 (white) and the other pixel to 0 (black), as shown in figure 3.a. The coastline template clipped by landmarks is shown in figure 3 .b. Through the comparison, it can be seen that due to the cloudy occlusion, some of the coastline extracted from the image are missing or inconsistent, and some of them are more missing. The data to be matched are the image coastline extracted in this paper and the coastline template. The template data is the reference image, and the image coastline is the image to be corrected. This algorithm is divided into the following six steps,and the experimental results are shown in figure 4.
In the first step, the image landmark data set is traversed, and the maximum subdivision level of the basic grid is twelve, which is the maximum effective partition level of image with the size of 5496×5496. The restricted quad-tree algorithm is used to divide the block data recursively. The partition condition is as follows: there are pixels with the value of 255 in the block.
In the second step, the image coastline grids are extracted by restricted quad-tree algorithm. Grids are processed separately from the 7th to 12 th level , and the translation offset of hierarchical data is set up. At the same time, the restricted quad-tree is also established for the coastline template, and the hash table of the coastline template is established. The key is grid code, consists of level, row, and column, and the value is node class.
In the third step, the image coastline grids in the i th level (7≤i≤12) are traversed, and nine kinds of translation images are established in the 3×3 window. Compared with the coastline template grid, the similarity is the highest when the grids coincide the most. The translations in the x and y directions are stored in the offxs and offys vector respectively, and inserted at the beginning of the vector until the 12 th level.
When dealing with the i th level landmark, the cumulative translation needs to be added from 7 to (i -1).
In the fourth step, in the x and y direction translation pixel values of the image are calculated. The specific expressions are as follows. The offX is the translation in the X direction, and offY is the translation in the Y direction..The variable r is the number of rows in the image divided by the number of rows in the grid, indicating the number of pixels occupied by a single grid. In this paper, the grid is divided into the 12 th levels, so the number of rows is 4096. The size of the image is 5496 × 5496, so r is 5496/4096.
 
where offX = translation in the X direction offY = translation in the Y direction offxs = translation vector in X direction offys = translation vector in Y direction i = landmark level r = image size divided by grid size
In the fifth step, offX and offY are used for image translation, and then the translated image landmark data is merged with the coastline template. The fusion image is shown in figure  5 .b,and the image before fusion is shown in figure 5 .a.
In step 6, cycle through the above five steps until all landmark matches are completed.
Image coastline detection
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Matching Experiment
Taking the image in column 51 of line 42 as an example, the multi-level grids from the 7 th level to the 12th level is shown in Figure 4 .,where the left picture is the image coastline, and the right picture is the coastline template. Through the calculation of the algorithm in this paper in section 3.1, the translation vector in the X direction is (0,0,0,-1,0,0), and in the Y direction it is (0,0,1,-1,0,0). The translation vector is substituted into the formula of the fourth step in section 3.1. The translation in the X direction is negative ten, and the translation in the Y direction is negative five. In other words, the image in column 51 of line 42 needs to translate ten pixels to the left and move up five pixels. The image after translation is shown in figure 5 .b, in which the last image is the image in column 51 of line 42, and the fusion image before matching is shown in figure 5 .a.
EXPERIMENTAL ANALYSIS
The accuracy extraction of image coastline, cloud cover of the landmark and landmark level are the most important factors that affect the matching effect of the algorithm in this paper. At present, the coastline extracted can basically meet the requirements of the algorithm, and it can be optimized in the future research. In this paper we mainly discuss the influence of two parameters, namely, the cloud cover and the level of the landmark. The experimental results show that the matching effect is stable when the landmark level is from three to five in Table 1 .. The cloud cover of the landmark discussed in this paper is 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8. The specific experimental results are shown in Table 1 . In this table, N3, N4, N5 represent the number of the selected landmarks, and the size of landmark in the third to fifth level is 692×692, 348×348, and 176×176. T3, T4, T5 represent the matching time of all selected landmarks in the third to fifth level. The correct matching rate of landmarks refers to the proportion of landmarks whose translation error does not exceed one pixel. The standard translations are 10 pixels and 5 pixels in the X direction and the Y direction.
Analysis of level change of landmarks
From the analysis of matching accuracy, the lower the landmark level is, the larger the landmark size is, and the matching accuracy tends to increase. But when the cloud cover exceeds 20 percent, the matching accuracy in the fourth level is better than that in the third level. It indicates that the third level is greatly affected by the cloud, and the coastline of the third level is more broken after being obscured by the cloud. The number of grids in the third level subdivided to the higher level is more than that in the fourth level when the restricted quad-tree is established. It can be confirmed by the time ratio of single landmark matching. When the cloud cover is less than 20 percent, the higher the landmark level is, the higher the matching accuracy is. The higher the landmark level is, the higher the matching accuracy is. When the cloud cover is more than 20 percent, the matching accuracy of the 4 th level is the highest.
From the analysis of matching time efficiency, when cloud cover is less than 10 percent, the higher the level of landmark is, the less the matching time is. When the cloud cover is more than 10 percent, the matching time of the 4th level is the least.
From the analysis of landmark selection flexibility, the higher the level of landmark is, the smaller the size of landmark is. And the more the number of selected landmarks is, the more scattered the distribution of landmarks is. When the selected landmarks are used in a certain area to match, the more optional landmarks are, the greater the possibility of finding the most suitable matching landmarks in all positions of the whole disk is.
To sum up, when selecting the level of the landmark, the size should be appropriate. The offset of the whole earth disk of the actual geostationary orbit satellite image is not always the same. When the local landmark area is too large, the offset of different positions of the single landmark may vary greatly, and it is not appropriate to correct any offset. If the landmark area is too small, although the number of selected landmarks is large, it is vulnerable to cloudy influence, and the matching accuracy will be greatly reduced. From the experimental results of this paper, when the landmark is selected in the fourth level, the efficiency and stability of the algorithm are the best. 
4.2Analysis of cloud change in a landmark
From the analysis of matching accuracy, with the increase of cloud cover, the correct rate of landmark matching decreases, but the decrease is not large, which shows that the matching algorithm in this paper is stable. When the cloud cover exceeds 50 percent, there is still about 70 percent correct matching rate. Especially in the fourth level, the correct matching rate of landmarks can always be stable at about 75 percent.
With the increase of cloud cover, the matching time of one landmark decreases gradually. While with the increase of cloud cover, the matching time fluctuates, sometimes even increases. The clouds block the image and complicate the landmark. It not only affects the spatial distribution characteristics of image coastline, but also may be optimized or complicated. If the effect of cloud is to simplify, it will reduce the matching time, such as the forth level and the fifth level. If the coastline is broken, it will not only increase the matching time, but also reduce the matching accuracy, such as the third level.
To sum up, the forth level is the least affected by cloud, the highest matching accuracy and the most stable landmark matching level. When the optimal the landmark could not be found in some areas in the forth level, the fifth level landmark matching can be considered.
CONCLUSIONS
In this paper, multi-level grids are established directly for the image coastline, and the landmark matching is realized by the similarity measure of the multi-level grid. The multi-level grid has the dual functions of feature representation and feature description, which provides a new idea for the matching of geostationary orbit satellite images. The experimental results are as follows:
1) For the geostationary orbit satellite images with cloud cover and complex texture, the method of global matching of the coastline can achieve stable landmark matching without extracting feature points. The matching method without control points can avoid complex operations such as feature point pair extraction and optimization, and reduce the complexity of computation and algorithm.
2) When the cloud cover is less than 20 percent, the higher the landmark level is, the higher the matching accuracy is. When the cloud cover is more than 20 percent, the highest matching accuracy is in the forth level. When the cloud cover is less than 10 percent, the higher the landmark level is, the less matching time is when the same size image is matched. When the cloud cover is more than 10percent, the matching time of the fourth level is the least.
3) With the increase of cloud cover, the correct rate of landmark matching decreases, but the decrease is small, which shows that the matching algorithm in this paper is stable. When the cloud cover exceeds 50 percent, there is still about 70 percent correct matching rate. Especially in the fourth level, the correct matching rate of landmarks can always be stable at about 75 percent.
4) The forth level is the least affected by cloud, the highest matching accuracy and the most stable landmark matching level. When the optimal matching landmark could not be found in some areas, the fifth layer landmark matching can be considered.
Next, the geometric error distribution of the whole disk will be studied to ensure the optimal landmark matching of the whole disk. The extraction and optimization of the contour feature will continue to be studied, and the algorithm of large error will be improved to further improve the matching accuracy of the algorithm in this paper. The influence of clouds on the spatial distribution characteristics of the image coastline will be studied under different sizes of the landmarks, which will be further optimized.
